The objective of this study was to assess the diagnostic value of common questionnaires and measures of physical performance in low back pain (LBP) syndrome. One hundred and fourteen patients with LBP classi ed according to the Quebec Task Force were compared with 50 patients with different pain syndromes but without apparent LBP. The discriminating value of each variable was estimated by calculating the area under the receiver operating characteristics (ROC) curve. The diagnostic value of the Million and Oswestry disability questionnaires was evident, with the area under the ROC curve varying between 0.73 and 0.88. The isometric trunk extension-exion strength test with concomitant reaction-time test could not distinguish between patients (area under ROC curve 0.50-0.68). Sensitivity of pain drawing was excellent but speci city was low: 47% for men and 39% for women. In conclusion, disability questionnaires have discriminating power. The trunk muscle strength test does not perform well as a diagnostic tool. The area under the ROC curve and the use of other patients as controls make it easier to assess the diagnostic speci city of a particular method.
INTRODUCTION
Low back pain (LBP) refers not to a diagnosis but to a clinical entity characterized by pain in the lumbar region which sometimes radiates to the lower extremities (1) . Modern imaging techniques, such as computerized tomography and magnetic resonance imaging, provide much information concerning serious spinal pathology and nerve root compression. However, when these techniques are applied to common LBP they discriminate poorly between patients with back ache and normal subjects (2) . Early blind laboratory screening is rarely useful. Medical history and clinical examination remain the main tools in the evaluation of common LBP (1) .
Increasing interest has been focused on measurements of functional capacity (3) . A battery of tests have been used for quanti cation of lumbar function. These include techniques for quantifying the mobility of lumbar spine, isolated trunk strength measurement systems, cardiovascular tness measures, lifting capacity measurement and measurement of activities of daily living (4) . Even slow psychomotor speed of reaction has been reported to be related to LBP (5) . Countless different questionnaires and tests have been used to assess pain, depression and functional status (6, 7) . The value of these different diagnostic methods has remained obscure.
A receiver operating characteristics (ROC) curve can be used to assess the diagnostic value of a particular method (8) . If a diagnostic test produces a continuous measurement, then a convenient diagnostic cut-off must be selected to calculate the sensitivity and speci city of the test. The result of traditional sensitivity and speci city analysis depends on the cut-off criteria chosen. If both sensitivity and speci city are calculated for all possible cut-off values and these values are displayed graphically by plotting the sensitivity on the y-axis and the false positive rate (1 ¡ speci city) on the x-axis, the result is the ROC curve (Fig. 1) . The quantitative index most commonly used to describe the ROC curve is the area under the curve. If the area under the ROC curve is equal to one then a diagnostic test can be considered to be ideal, with no false-positive or false-negative results. In contrast, an area of 0.50 represents pure chance, with no accuracy in prediction or discrimination (9, 10) .
The area under the ROC curve has not previously been used to measure the discriminating ability of different physical performance measurement methods employed in patients with common LBP. The purpose of the present study is to assess the diagnostic value of common questionnaires and measures of physical performance.
METHODS
The present study is part of a larger study focusing on the functional capacity of LBP patients (11) . One hundred and fourteen consecutive patients (67 women, 47 men) with chronic LBP syndrome classi ed according to the Quebec Task Force (12) and 50 (31 women, 19 men) patients with different pain syndromes but without current LBP (controls) participated in this study (Table I ). The patients were referred to the rehabilitation clinic with LBP or other pain by general practitioners. Final inclusion into either study group, as well as the diagnostic subgrouping, was con rmed by another clinician who was aware of the purpose of the study. There were no appreciable differences in age, height or weight between the different patient groups (Table II) . Subjects completed the Oswestry questionnaire (13) and the Million Visual Analogue Scale (14) to assess subjective disability and Rimon's Brief Depression Scale (RBDS) (15) for evaluation of depression. Pain drawing was used to assess the location of pain. The drawings were classi ed as either pain or no pain in the lumbar area.
The isometric trunk muscle strength measurement system was a modi cation of the method used by Biering-Sørensen (16) . The sagittal rotation axis was set at the hip joint level, which was the most discriminating level for fulcrum between different patient groups in the previous study (11) .
The reaction time was measured concomitantly with isometric muscle strength. The subject was instructed to exert the muscles immediately after an auditory signal. The reaction time was the interval between the auditory signal and the moment when the measured force exceeded 10 N. For analysing reaction time, the strain-gauge dynamometer was connected to a computer. Analogue/digital conversion was made by using a sampling rate frequency of 200 Hz. The measurements of physical performance and the analysis of pain drawing were blinded with regard to the classi cation.
The reliability of the tests of physical performance used was studied with 27 healthy volunteers by plotting the difference between consecutive test results against their mean (17) . On the basis of these data, it was estimated that the test results would be stable in repeated measurement sessions with a 1-week interval.
The required sample size (17 subjects/group) was calculated by estimating the clinically signi cant difference between groups to be 150 N (30%) with a standard deviation (SD) of 150 in muscle strength measurements. Statistical signi cance was set at p = 0.05 and the risk of type II error at the 0.2 level. The BMDP software library for microcomputers (10) was used for the statistical analyses. The analysis of variance (ANOVA) was used in detecting differences between groups. The sensitivity of a test was the proportion of those with LBP and a positive test result (pain in the lumbar area in pain drawing or muscle strength below the cut-off point). The speci city of a test was the proportion of controls who gave a negative test result (no pain in the lumbar area in pain drawing or muscle strength above the cut-off point).
The area under the ROC curve was calculated as the diagnostic value of a particular variable was assessed. Pearson's product moment correlation r was used as linear associations between variables were assessed. The 95% con dence interval for r was calculated (18) . Otherwise, the results are expressed as means of groups with SDs.
The study design was accepted by the ethics committee of the University of Turku.
RESULTS
The difference between LBP patients and controls was evident when assessed with the Oswestry or Million disability indices (Table III) . There were no between-groupdifferences in terms of RBDS score, reaction time and trunk exion strength. Trunk extension strength was lower in patients with LBP than in controls. According to the ROC curve analysis, the discriminatory power of physical measurements between groups remained low for both genders (Table III) . ROC curves for Oswestry and Million scores for all the subjects are shown in Fig. 1 . The Other diagnoses  0  2  Total  47  67  Diagnosis of controls  Neck pain  5  16  Shoulder pain  1  1  Knee pain  0  1  Other musculoskeletal disorders  11  10  Neurological pain syndromes  2  3  Total  19  31 association between depression and Million or Oswestry score remained low or moderate in both LBP patients and controls (Table IV) . The cut-off point of 23 in the Oswestry score gave a speci city of 90% and a sensitivity of 50%; the cut-off point of 15 gave a speci city and sensitivity of 78% in men. The cutoff point of 35 gave a speci city of 90% but a sensitivity of only 30%; the cut-off point of 22 gave a speci city and sensitivity of 67% in women. Therefore, the best physical measurement (strength in extension) with two different cut-off points gave a speci city of 90% but a sensitivity of only 26% and a speci city of 58% and a sensitivity of 51% in men only. In women, a speci city of 90% but a sensitivity of only 12% and a speci city of 58% and a sensitivity of 64% were achieved.
Pain drawings were available from 65 men and 96 women. The sensitivity of pain drawing to detect patients with LBP was 100%. However, the speci city was low: 47% in men and 39% in women (Table V) .
DISCUSSION
The results indicate that only the subjective evaluation of disability using the Oswestry or Million indices achieved an acceptable discriminatory power between the two groups. High disability scores in LBP patients were not due to depression. Trunk muscle strength and reaction time tests had no diagnostic value, in spite of some statistically signi cant differences between groups.
Any analysis that involves sensitivity and speci city measurements requires an independent criterion, "the gold standard", by which the diagnosis is judged (8) . If this gold standard is subject to error, then it will bias the estimates of sensitivity and speci city (9) . The reason for using other pain patients as controls, "the gold standard", was the supposed similarity of pain, depression, malingering and litigation problems between these patients. Thus, the observed differences between groups were probably due to those features that really were speci c to patients with LBP.
In the present study, LBP was used like a medical diagnosis although back pain is merely a perceived condition. The patients were originally referred for a specialist consultation due to a particular pain problem. The classi cation to either LBP or other pain was con rmed by a second clinician. Thus, the probability that the classi cation was seriously biased is low. The LBP group in this study represents a clinically signi cant LBP disorder and can be assumed to be a representative sample of 
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patients with moderate or severe chronic LBP. In addition, the controls were those patients who had not been considered to have LBP by physicians or even by themselves. However, the surprisingly low speci city of pain drawing leads to speculation that mild pain in the lower back is such a common symptom that most patients can overlook it if it does not cause any real disability. This is supported by a recent Canadian study: approximately half the population of Saskatchewan had had low intensity or low disability back pain during the preceding 6 months but only 11% had had serious, disabling back pain (19) . It is generally accepted that patients with LBP perform less well than normal subjects in trunk muscle strength tests (20) . In the present study it was not possible to nd any convenient cutoff point for diagnostic purposes. According to ROC curve analysis, the sensitivity and speci city of trunk-strength tests remained low and were independent of the cut-off point criteria chosen. The few examples of sensitivity and speci city calculations con rmed the results obtained by ROC curve analysis. An earlier attempt to nd a useful diagnostic cut-off point for trunk strength measurements by using traditional sensitivity and speci city analysis produced similar results (21) . One reason for the low diagnostic value of strength measurements is probably the considerable overlap of muscle strength data between patients with LBP and healthy controls (20) .
It has been suggested that the psychomotor reaction time is increased in patients with chronic LBP, if it is compared to healthy controls (5) . In the present study, a relationship between slow reaction time and LBP was not con rmed. The diagnostic value of the hand and choice reaction test for LBP was also previously shown to be low (22) . It is probably true that factors such as fear responses, depression or anxiety, which may in uence reaction time in patients with LBP (5), are similar in patients with different pain syndromes. Thus, it can be assumed that long psychomotor reaction time is not a characteristic feature for patients with LBP. This probably holds in spite of the fact that the reaction time measurement method used in the present study was not totally comparable to the method used in the previous study (5) .
The presence of low back trouble was the main inclusion criterion in this study. Surprisingly, patients' subjective opinion about disability was a discriminating factor between groups and not perceived pain in the lower back region. This self-reported disability was not explained by depression,which was part of the original hypothesis. The physical performance of patients with LBP is obviously different from patients with other pain syndromes in clinical conditions. Unfortunately, there is a continuing lack of methods to document this difference. In the present study, simple physical performance tests were not discriminating.
In conclusion, during the diagnostic process of common LBP focus should be on disability instead of pain if certain serious disease processes have been excluded. It follows that the analysis and documentation of perceived disability due to LBP and more functional tests of physical performance should be developed. At the moment the best method for assessing the severity of common LBP is to ask the patient. Total   Back pain  46  10  56  65  19  84  No back pain  0  9  9  0  12  12  Total  46  19  65  65  31  96 LBP = low back pain.

